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CURATOR 

Date: January 5, 1978 I No. 18 
fam h 

Patrick Butler, Jr., Lunar Sample Curator 

In November Dr. Patrick Wltler, Jr., became Chief of the (Xlratorial Branch and 
will be known henceforth as the Lunar Sample Curator. 

The next LSAPT meeting will be February 2-5, 1978. Please try to get your 
sample requests to us before January 26. The following meeting is tentatively 
scheduled for March 17-18. 

MAILING LIST 

On request we will gladly add co-investigators, collaborators and other partici- 
pants in lunar sample studies to our mailing list for the Newsletters, catalogs 
and sample information publications. Please survey those involved in your pro- 
gram and let us how who would like to get their own copies of these conwmica- 
t ions. 

WNAR SAEIPLE CATALOGS 

Attachment I1 is a list of catalogs so that any that may be of use can be 
ordered. We will reprint those that have run out, or are about to, if requests 
for them are received. It may take two months, though, if the stock does run 
out. (We plan revisions of some of the catalogs and consequently do not want 
to stock up on them.) 

LUNAR SAMPLE ANALYSIS PLANNING TFJW (LSAPT) 

LSAPT met November 17 through November 21, 1977. Two new members, Carlton 
Moore, Professor of Chemistry at Arizona State University and Curator of the 
Nininger Meteorite Collection and David kKay of the Geology Branch at JSC 
overlapped with retiring members Dieter Heymann, Chuck Simonds, and Everett 
Gibson. (A list of the current LSAPT members is Attachment I.) The team con- 
sidered the requests of 16 Principal Investigators and recornended allocation 
of 263 samples. The most numerous allocations are small aliqmts distributed 
over the lengths of cores just dissected: Core 15010 samples to W. Gose for 
magnetic measuranents; deep drill cores 70001 through 70007 to D. Lal for track 
studies to apply to regolith dynamics and ancient meteorite flux. 



L S W  was given a briefing on the plans to process Antarctic meteorites using 
techniques and equipment developed for lunar samples. (See the October 1977 
Curatorial Newsletter.) Don Bogard of the Geochemistry Branch at JSC is 
heading up the effort. He described the freeze-drying methods that might be 
used and how the processing would be done in nitrogen atmosphere cabinets. O f  
considerable interest was the report on a meeting at the National Science 
Foundat ion in Washington which included representatives of the U . S . National 
Museum as well as Bogard and LSAPT member Ursula blarvin, and was chaired by 
Mort Turner, Program Director, Geological Studies, NSF Antarctica. LSAFI' 
conunented extensively on the protocols for the initial processing and the 
preliminary examination. LSAPT will continue as needed to advise on the 
handling of meteorites found in Antarctica but recommended constitution of a 
Meteorite Analysis Planning Team, with the participation of National r*hrseums 
and the National Science Foundation. 

HONORS 

In a ceremony at JSC on December 7, 1977, NASA Administrator,Dr. Robert A. Frosch 
presented Dr. George W. Reed the NASA Exceptional Scientific Achievement Medal 
for his outstanding contributions to the lunar science program. Dr. Reed has 
been a Principal Investigator for eight years, served on L W for four years, 
and for the past three years has been serving on the Facilities Subcmittee 
of L!3PI', which has been advising on the design of the remote storage facility 
for lunar samples in San Antonio and on the new storage and processing building 
adjoining the present curatorial 3.aboratory building at JSC . 
NEW OPPOF3UNIT~S: ANCIENT C U W S  IN BRECCIAS 

LSAPT has recamended that this subject be brought to the attention of the lunar 
sample PI 's. A policy has been followed for the past three years in which most 
s m l e  allocations have been made in resDonse to ~roblem-oriented reauests from 
&stigators. The progress made in det&rnining the petrological, &emical and 
isotopic evolution of the ancient lunar crust, gives testament to the vigor of 
scientific work in this poblem-oriented mode. 

Samples from the early lunar crust have now been identified. An understanding of 
these ancient rocks is considered essential to the determination of the formation 
processes of the lunar crust. Such rocks have been rare amng the larger frag- 
ments studied to date. It appears that this key material is present in the form 
of clasts in many of the highland breccias. 

To identify these clasts requires a combination of curatorial and Principal 
Investigator participation, since the searches require systematic examination of 
large amounts of material. We believe that this search should be carried out in 
the Curatorial Facility. Such studies can be undertaken more easily than in the 
past due to the greater availability of processing cabinet time and personnel. 

LSAFT has recomnended that high priority be given to finding and analyzing such 
ancient clasts . In their February meeting ways of encouraging and implementing 
searches for such ancient clasts, and for their analysis when found, will be 
considered by LSAPT. Any comments on the subject in advance of the meeting, to 
the Curator or a LSAPT member, would be most welcome. 



CORE CATALOGS 

All the available information on lunar cores is contained in two documents: 
Lunar Core Catalog, revised, March 1976; lunar Core Catalog, Supplement, 
March 1977 with data on 60009, 60010, 70004, 70007, and 74001 (preliminary.) 
We have about 30 of each in stock for distribution on request. The final 
report on 74001 and 74002 is expected to be distributed to all PI'S before 
February 1, 1978. 

The first of four dissection passes from drive tube sample 15010 has been cm- 
pleted and a report is attached. A preliminary report on drill stem 70005 
also is attached. The final report will include the entire drill core, 70001- 
70009, and will be prepared after dissection (this month) of the last stem, 70003. 

Preparations are underway to saw the epoxy-impregnated portion of 74001 in half 
longitudinally to be followed by cross-cutting one half into 13 or so segments. 
Then thin sections will be made from these segments to give continuous coverage 
down the core length. Since there is a possibility that there may be lenses in 
the core not reached by the epoxy, owing to the usually dense character of the 
sample, the sawing will be done slowly and without cooling liquid so that further 
impregnation can be done if any lenses of loose soil are encountered. 

Dissection of the tWP Apllo 11 drive tube cores has been completed. Because 
the stratigraphy was somewhat disturbed during colletion and suffered further 
disturbance from handling between the time of the early (1969) dissection of 
half of each core for allocation and the final dissection of the remaining 
halves in 1977, no part of the cores was preserved by impregnation with epoxy. 
Despite the disturbances, however, the strata do not seem to be greatly mixed. 
A final report will be distributed before mid-February. 

ANNUAL REVIEW OF CONSORTZUMS 

The annual reports requested from consortium leaders were reveiwed by LSAPT at 
the November meeting. The review identified four categories of consortium work: 

Category I - Active consortiums - sample study continuing - report 
submitted. 

Category I1 - Active consortiums - studies to be continued - no report 
sl~bmitted but their present proposals indicate that work 
will continue on samples designated as consortium samples. 

Category I11 - Consortium efforts which have been or are presently being 
terminated - report submitted. 

Category IV - No report submitted. Status unknown. 



Table of consortium samples : 4 

SAMPLE No. 

12013 
12023 

CONSORTnrr(1 SAMPLES 

IEADER (s) SAMPLE LOCATION 

Albee/hlasserburg C.I.T. 
Pill inger (European Pillinger 
Consortium) 

Hartung Hartung G JSC 
Nyquist Nyquist 
Wood Imbrium Consortium- JSC 
Nyquist Nyquist 
Wasserburg C.I.T. 
Wood Imbrium Consortium- JSC 
Wasserburg C.I.T. 
Nava Nava 
Wasserburg C. I .T. 
Nava Nava 
Albee C. I .T. 
Wood Imbrium Consortium- JSC 
Wood Imbrium Consortium-JSC 
Nava Nava 
Albee C.I.T. 
Wasserburg C. I .T. 
Nava Nava 
Wood Imbrium Consortium-JSC 
Pillinger Pillinger 
Nyquist Nyquist - JSC 
Wood Imbrium Consortium-JSC 
Wood Imbrium Consortium-JSC 
Haskin Haskin 
Haskin Haskin 
Pillinger Pillinger 
Heymann Heymann 
Heymarn HeYmann 
Haskin Haskin 
Nava Nava 
Nyquist - m i s t  
Albee Albee 
Keil Keil 
Chao Chao 
Chao Chao 
Wasserburg C. I .T. 
Wasserburg C.I.T. 
James James - JSC 
James James - JSC 
Meinschein ';'Big Pot" JSC-Berne-Chicago 
Phinney JSC 
Phinney JSC 
Phinney JSC 
Phinney JSC 

CATEGORY 



CONSORTIUM SAMPLES IContdl 

SAMPLE NO. LEADER (S) SAMPLE LOCATION CATEGORY 

Phinney 
Phinney 
Phinney 
Chao 
Chao 
Chao 

JSC 
JSC 
JSC 
Chao-JSC 
Chao- JSC 
Chao - JSC 

Material from samples with active consortims may be requested by non-consortiwn 
PI'S, but the proposed study will be checked to see that it does not infringe on 
a similar study within the consortium. In addition,the selection of sample has 
to be cleared with the consortium leader to assure that material essential to 
the consortium study (because of location or lithology, for example) would not 
be involved in the allocation. Communication with the consortium leader prior 
to submitting the request speeds and simplifies the checking and usually results 
in a recommendation of appropriate samples by the leader. 

CONTAMINATION WARNING 

We have recently had reports of contamination of lunar samples by containers of 
two types: 

1. Teflon shavings in FTH containers (3/4 inch diameter stainless steel tubes 
with white Teflon snap-off caps). A rough or sharp lip on the stainless steel 
tubes cuts into and shaves off slivers from the caps on same of these containers. 
We are now rounding off and smoothing the lips of all of these containers before 
cleaning them for use. 

2. Stainless steel particles in W containers (1/2 inch long screws withhexag- 
onal socket (Allen) heads. The sample goes into the recessed socket and is held 
there by a Teflon cap.) The bottoms of the sockets on the first batch of these 
containers were roughly finished. The present type is smoothly finished. We.:. 
are discarding the few remaining of the older type. 

We apologize for difficulties caused by problems of this sort. Let me how 
promptly when they occur so we can act to correct them. 



Novenber 21 , 1977 

LSAPT MEMBERSHIP 
\u 

Dr. Robert M. Housley Dr. David S. McKay 
Rockwell International , Science Ctr. NASA Johnson Space Center 
1049 Camino Dos Rios Geology Branch, SN6 
Thousand Oaks, Cal i fornia 91 360 Houston, Texas 77058 
(805-498-4545) (FTS: 87-798-2000) (71 3-483-51 71 ) (FTS : 87-525-51 71 ) 

Mr. Richard S. Johnston, Chairman Dr. Carleton B. Moore 
NASA Johnson Space Center Center for Meteorite Studies 
Space & Life Sciences Directorate, SA Arizona State University 
Houston, Texas 77058 Tempe, Ar i zona 85281 
(71 3-483-2251 ) (FTS: 87-525-2251 ) (602-965-3576) (FTS : 87-766-3576) 

Dr. Klaus Keil (Vice-chairman) Dr. Hartmut Spetzler 
University of New Mexico University of Colorado 
Department of Geology CIRES 
Institute of Meteoritics Boul der , Col orado 80309 
A1 buquerque, New Mexico 871 31 

(303-492-8020) (FTS : 87-323-651 6 x-8020: 
(505-277-2747) (FTS: 87-474-551 1 ) 

Dr. Lawrence A. Taylor 
v Dr. Michael E. Lipschutz University of Tennessee 

Purdue University Department of Geology 
Department of Chemistry Knoxvi 11 e, Tennessee 3791 6 
Lafayette, Indiana 47907 

(61 5-974-2366) (FTS: 87-855-2366) 
(31 7-749-2724) (FTS: 87-331 -7000) 

Dr. Kurt Mart 
University of 
Department of 
P.O. Box 109 
La Jolla, Cal 

Dr. W. Randy Van Schmus 
i University of Kansas 
Cal i fornia , San Diego Department of Geology 
Chemistry Lawrence, Kansas 66004 

ifornia 92037 

(71 4-452-2939) (FTS : 87-895-5000) 

Dr. Ursula B. Marvin 
Smi thsonian Institution 
Astrophysical Observatory 
60 Garden Street 
Cambridge, Massachusetts 021 38 



November 21 , 1977 

LSAPT SUBGROUPS 

Group A 

Marvin (Chr) 
Kel 1 
McKay 
Taylor  

Cleaning 

Lipschutz (Chr) 
Mar t i  
Van Schmus 

Cut t ing  

Tayl o r  (Chr) 
Mc Kay 
Spetzl e r  

Pub1 i c Di s ~ l  avs 

Spetzl e r  (Chr) 
Housl ey 
Tayl o r  
Marvin 
Moore 

Group B 

L ipschutz (Chr) 
Van Schmus 
Moore 
Mar t i  

LSAPT SUBCOMMITTEES 

Consort i  a 

Van Schmus (Chr) 
Marvin 
Moore 

Data 

Mar t i  (Chr) 
Spe t z l  e r  

SSPL & RSPL 

Marvin (Chr) 
Lipschutz 
Van Schmus 
Mar t i  

Group C 

Housl ey (Chr) 
Spetzl er 

Cores' 

McKay (Chr) 
L i  pschutz 
Housley . 
Tay lor  

Faci 1 i t i e s  

B e l l  (Chr) 
Nyquis t  
Papanastassiou 
Pepi n 
Reed 
Wasserburg 
Bence 

Procedures Annex 

Taylor  (Chr) 
Lipschutz 
Mar t i  
Housley 
McKay 



LUNAR SAMPLE CATALOGS 
January 4, 1978 Date of Number 

Pub1 i c a t i o n  o f  copies 

Apo l l o  11 

A Sumnary o f  Apo l l o  11 Chemical, Age and 1971 103 
Modal Data 

Lunar Sample In fo rma t ion  Catalogue (Revised) 2-1 977 32 
JSC 12522 

A p o l l o  12 

NASA Technical Report S-243 
Apol l o  12 Lunar-Sample In fo rmat ion  

Apo l l o  14 

Descr ip t ion ,  C l a s s i f i c a t i o n ,  and Inventory  
o f  t h e  Comprehensive Sample from 
Apo l l o  14 

NASA TM X-58062 NASA TECHNICAL MEMORANDUM 
Apo l lo  14 Lunar Sample I n f o m a t i o n  Catalog 

Apol l o  14 Coarse Fines (4-10mn) Sample Locat ion  
and C l a s s i f i c a t i o n  

Apo l l o  15 

Apo l l o  15 Coarse Fines (4-10m):  .Sample C lass i -  
f i c a t i o n ,  Desc r ip t i on ,  and Inventory  

Lunar Sample In fo rma t ion  Catalog Apo l lo  15 
Lunar Receiving Laboratory 

Apo l l o  16 

Descr ip t ion ,  C l a s s i f i c a t i o n ,  and Inventory  of 
Apo l l o  16 Rake Samples from S ta t i ons  
1, 4, 13 

Descr ip t ion ,  C l a s s i f i c a t i o n ,  and Inventory  o f  
151 Apo l lo  16 Rake Samples from the  LM 
Area and S t a t i o n  5 

Lunar Sample In fo rma t ion  Catalog Apo l lo  16 Lunar 
Receiving Laboratory 

Apol l o  16 Coarse Fines (4-10m):  Sample C lass i -  
f i c a t i o n ,  D e s c r i p t i o n  and Inven to ry  



Date o f  Number 
Pub l i ca t ion  of copies 

Apo l lo  17 

Descr ipt ion,  C l a s s i f i c a t i o n  and Inventory  o f  113 1974 
Apo l lo  17 Rake Samples from S t a t i o n  1A, 2, 7,  
and 8 

Apol 1 o 17 Coarse-Fines (4-1 Omm) : Sample Location 1973 110 
C l a s s i f i c a t i o n  and Photo Index 

Lunar Sample In format ion Catalog Apo l lo  17 4-1 973 
Lunar Receiving Laboratory ' 

Descr ipt ion,  C l a s s i f i c a t i o n ,  and Inventory  o f  9-1 974 
Apo l lo  17 Rake Samples f rom S ta t ion  6 

Luna 24 

Luna 24 Samples Presented t o  the  USA, 1977 5-1 -1 977 
Catalog and Pre l iminary  Desc r ip t i on  

COPIES NO LONGER AVAILABLE 

Apol lo  16 Special Samples COPIES NO LONGER AVAILABLE 

The Apo l lo  16 Lunar Samples: A Petrographic COPIES NO LONGER AVAILABLE 
and Chemical Descr ip t ion  o f  Samples from 
the  Lunar Highlands 

Apo l lo  16 Rake Samples 67515 t o  68537 Sample COPIES NO LONGER AVAILABLE 
C l a s s i f i c a t i o n ,  Descr ipt ion,  and 
Inventory  



DISSECTION REPORT - 15010 
By Judith Allton 
Northrop Services, Inc. 

F i r s t  Dissection of 15010 - An Interim Report on Soil Unit Ident if icat ion 

The f i r s t  dissection of core 15010 was completed 10-28-77.' This core was 
the lower half of a double drive tube sample taken on the rim of Hadley 
R i  1 le .  

Figure 1 ccmpares 1 ) ,  units observed i n  1977 x-rays, 2), units defined by 
s o i l  color 2s seen on f l a t  surface a f t e r  1 s t  dissection, and 3 ) ,  units de- 
fined by d i ~ t r i b u t i o n  of coarse fragments (>1 mn) i n  the dissected intervals  
(.5 an increments). The units defined by composition will be the'numbered 
units by whfch the core will be known. 

Units Defined by X-ray: 

Six units were ident if ied from the 1977 x-radiograph. Larger fragments and 
f ines  and varying density were distinguishable; therefore, units were char- 
acterized by coarseness and density. These s ix  units are  shown i n  Fig. 1. 
In correlating x-ray units to  observed surface units i t  i s  necessary t o  know 
how much compaction occurred. When the core was x-rayed i n  1977, the follow- 
e r  was 32.9 cm. from the bottom of the tube. The core. had lain horizontally 
i n  storage. Se t t l ing  of material during this time l e f t  void spaces a t  the 
ends of the core on the side facing up. , In preparation for extrusion, the 
core was placed ver t ica l ly  w i t h  the bottom end up. Approximately 1 cm. of 
material was removed from the bottom of the core, and the resul t ing core 
length was 30.9 cm. Therefore, about 1 cm of compaction must have occurred 

w a t  this time. During extrusion the core was shortened by 2 cm. resul t ing 
i n  the present 28.9 cm. length. 

Units Defined by Soil Color: 

Six units were ident if ied by the so i l  color observed on the f l a t  surface 
a f t e r  layer "A" was removed. (In the dissection procedure, the quartz top 
was removed, 1-2 mn of r i n d  were removed, then layer "A" was.removed leav- 
ing a f l a t  surface flush with. the aluminum surface.) Soil color was ob- 
served to  range from 5 Y  2/1 to  5Y 4/1 on the Munsell Color Scale i n  f luores- 
cent room l ight .  Distinctions between color units were vague. Value 
observations were made i n  white, yellow, red, green and l ight  blue. Yellow 
l igh t  most enhanced the contrast .  

Units Defined by Distribution of Fragments >1 mn: 

The core was dissected i n  . 5  cm increments. Each increment was sieved t h r u  
a 1 mm screen. The par t ic les  greater than 1 mm were categorized In the 
following seven l i thologies:  basalts,  so i l  breccia, glass,  agglutinates,  
anorthositic breccia, devi tr i f ied glass or recrystall ized breccia. Par t ic le  
weights were taken i n  each category. U n i t  definition was based on the l i t h -  
ology dis tr ibut ion by weight and on the dis tr ibut ion of percent of coarse 
materfal. The changes in coarseness or amount of basal t ,  for  example, were 
determined from graphs made of (1) percent material >1 mm vs. depth i n  core 



and (2) abundance o f  rock  type by weight vs. depth i n  core. 
L 

The u n i t s  def ined by t h i s  data should be viewed w i t h  caut ion since no correc- 
t i o n s  were made f o r  p a r t i c l e s  included i n  l aye r  "A" which extended down i n t o  
l a y e r  "B" which was no t  dissected. Nor were co r rec t ions  made f o r  p a r t i c l e s  
l e f t  i n  layer  "B1' but ,which protruded up i n t o  l aye r  "A". This type o f  d i s -  
t o r t i o n  was espec ia l l y  g rea t  i n  the bottom o f  the  core where a 4 cm.-long 
p iece o f  basa l t  was p a r t i a l l y  excavated when l aye r  "A" was removed. 

U n i t  1 2 7 . 0  - 28.9 cm 

17% mate r ia l  >1 mm 

Glass was more abundant i n  t h i s  coarse u n i t .  Amounts o f  basa l t  and s o i l  
b recc ia  were more near l y  equal than i n  other u n i t s .  Trends i n  l i t h o l o g y  
d i s t r i b u t i o n  w i t h i n  the  u n i t  were no t  observed. 

U n i t  I 1  20.5 - 27.0 cm 

17% mate r ia l  >1 mm - This does no t  inc lude l a r g e  rock. 

Basal t /So i  1 Breccia/Gl ass = l/. 3/.05 

Basal t  dominates t h i s  very  coarse u n i t .  ' A l a rge  p iece o f  basa l t  was loca ted  
a t  22.5 - 26.8 cm. Since t h i s  basa l t  fragment was no t  e n t i r e l y  included i n  
the  dissected po r t i on  o f  core, i t  remained w i t h  the undissected par t .  

v Therefore, f r ac t i ona l  shares o f  t h i s  rock were n o t  included i n  the calcu- 
l a t i o n s  f o r  coarseness o r  l i t h o l o g i c  content, and these numbers do no t  
c o r r e c t l y  represent t h i s  u n i t .  A very small amount o f  glass was noted, and 
s o i l  breccia d i s t r i b u t i o n  was sporadic i n  range and loca t ion .  

U n i t  I 1 1  17.0 - 20.5 an 

12% mate r ia l  > I  mm 

Basal t /So i  1 Breccia/Gl ass = 1 /. 3/. 3 

Basal t  was most abundant i n  t h i s  coarse u n i t .  The amounts o f  s o i l  b recc ia  
and glass were near l y  equal and were evenly d i s t r i bu ted .  

U n i t  I V  12.5 - 17.0 cm 

12% mate r ia l  > 1 mn 

Basal t /So i l  Breccia/Glass = 1/.1/.1 

Th is  coarse u n i t  was dominated by basa l t .  The very small amounts o f  s o i l  
b recc ia  and glass were nea r l y  equal and were evenly d is t r ibu ted .  

U n i t  V 11.0 - 12.5 cm 

29% mater ia l  >1 mm 

Basal t / S o i l  Breccia/Glass = 1/.1/.04 



Basal t  dominated t h i s  very coarse u n i t .  So i l  breccia and glass were found 
i n  equal po r t ions  and i n  small quan t i t y .  The l i t h o l o g i c  d i s t r i b u t i o n  w i t h i n  
the u n i t  showed no trends, except for  a la rge  increase i n  basa l t  i n  the bot-  
tom one-half centimeter. 

U n i t  V I  9.0 - 11.0 cm 

22% mate r i a l  >1 mn 

Basal t / S o i l  Breccia/Glass = 1/1.1/.4 

I n  t h i s  very coarse u n i t  s o i l  b recc ia  was most abundant. Substant ia l  
amounts o f  basa l t  were evenly d i s t r i b u t e d  throughout the u n i t .  There was 
an increase i n  glass and s o i l  b recc ia  content toward the  top o f  the  u n i t .  
Most unusual was the occurrence o f  a la rge  (1 centimeter diameter) "agglu- 
t i n a t e "  a t  t he  very top o f  the u n i t .  This "agg lu t inate"  consisted o f  s o i l  
c lods glued together i n  angular fashion w i t h  b lack splash glass. (For pur- 
poses o f  l i t h o l o g y  d i s t r i b u t i o n  t h i s  p a r t i c u l a r  piece was apport ioned 50% 
t o  s o i l  b recc ia  and 50% t o  glass.) 

U n i t  V I I  3.0 - 9.0 

7% mate r ia l  > I  mm 

Basal t / S o i l  Breccia/Glass = l/. 2/. 1 

Basal t  was dominant and evenly d i s t r i b u t e d  i n  t h i s  r e l a t i v e l y  f i n e  u n i t .  
S o i l  b recc ia  appeared t o  increase w i t h  depth. Glass was o f  low abundance 
and o f  even d i s t r i b u t i o n .  

L 
U n i t  V I I I  0.0 - 3.0 

10% mate r ia l  >1 rnm 

I n  t h i s  coarse u n i t ,  s o i l  b recc ia  content, which was most abundant, decreas- 
ed w i t h  depth. The second abundant most component, basa l t ,  increased w i t h  
depth. Glass content was concentrated i n  the top centimeter which a lso  
appeared s l i g h t l y  darker i n  co lo r .  



15010: F i r s t  Dissection Units 

Depth 
all. 

Depth 
cm. 

Soil Color, 5Y Lithology & 
Munsel 1 Color Scale, Coarseness 
After F i r s t  
Dissection 

Fig. 1 .  Comparison o f  Units Ident 
by X-ray, Soil  Color, and 

1977 X-radiograph Lithology and Coarseness 

i f i e d  



TABLE 1 - DRIVE TUBE 15010:  LOCATION OF SAMPLES FRM F IRST DISSECTION 



REFCRL' ON DRILL STEM 70005 

O r i l l  stern 70005 i s  the f i f t h  stem below the top of the Apollo 17 

&I 11 String, Calculations based on x-radi ographs and previous dissections 

of otter drill stems i n  the s t r ing  place .the top of 70005 a t  132 un below 

the lkrr surface. Due t o  various factors such as mechanical compaction, 
5 

t h i s  f igure  i s  only a close approximation. The d r i l l  string, wi th a t o t a l  

length o f  about 294.5 cm, has three major st rat igraphic units: an upper, 

coarse-grained, basal.tic unft, : 107 cm :thick; ... amf  dcl'le, . fine-grained zone 

56 an tMck, high i n  anorthosi te; and a lower zone o f  a1 ternating coarse 

and f ine basa l t ic  and breccia meteri al, 131 -5 an thick. Part o f  each o f  

the lower major un i ts  i s  contained i n  d r i l l  stem 70005. The Apollo 17 

Deep D r i l l  S t r ing was taken about'40 meters north o f  the ALSEP central  - station. 

Samle Hf story 

Upon extract ion o f  the d r i  11 s t r ing  from the d r i  11 hole, the s t r i ng  

was separated i n t o  three segments f o r  packing. D r i l l  stem 70005 was the 

bottom stem o f  the middle, two-stem segment -- 70006 being the top stem. 

An In te rna l - f i t t i ng ,  hollow cab was ins ta l led  a t  the lower end o f  70005 

a t  th is  time. The hollow,nature o f  the cap allowed s o i l  t o  s h i f t  from 

70006 i n t o  70005, thus f i l l i n g  the cap with s o i l  ind i rec t ly .  D r i l l  stem 

70006 was short by 1.2 an o f  soi 1 column and MOO5 was long by about 1.8 cm. . . 

The 0.6 an difference i s  probably due t o  low density zones such as seen i n  

the attached x-radi ograph diagram. 

Burrwed end samples were taken a t  the upper end to ta l ing nearly 6 

w .grams o r  the equivalent of 11 mm o f  s o i l  column. P r i o r  t o  mil l ing, another 

6.6 grams o r  the equivalent o f  12 mn o f  s o i l  column was removed from the 

loner end i n  order t o  properly contain the soi 1 during the m i l l i ng  operation. 



fhe remaining soi 1 was conpressed by 1.5 an as a pre-mi lling stablization 

w measure. The resultant soi 1 column was 38 cm in length. The upper soil/ 

plug interface became established a t  2.0 un and' the lower interface a t  the 

40-0 cm mark, 

Pre-Dissecti5 Description 

The exposed surface of the core closely cbirelates w i t h  the x-ray 

interprxtatio~. The boundary between the lowe? and middle major units of . 

the drill  string i s  evidenced by a broken r i n d  below about 29 cm and by 

the coarseness below 30 an as seen in the x-radiographs and exposed surface. 

In addition, the soi 1 tone below 30 an i s  noticeably lighter. FurWer 

subdivisions into u n i t s  cannot be inferred from the exposed surface. The 

overall color i s  closest to 10Y 3/1 on Munsell's Color Chart. The matrix 

soil grain size is i n  the s i l t  range. 

,, R.oceesing Procedures 
I 

'Dieeection began a t  t h e  lower end of t h e  core i n  order t o  more quickly process 

t h e  interva 1s with disrupted r ind .  Standard jmm in t e rvs l s  were taken throughout, 

with t h e  exception o f  lerid-free sample in t e rva l s  a t  23.0-24.5 cm and 6.5-8.0 cm. 

Red , . l ight samples were taken i n  conjunction with the  lead-free samples snd addi t ional ly  

a t  15.0-15.5 cm and 30.0-30.5 cm. Also, t h e  i n t e r v a l  31.0-32.0 was taken double due 

t o  e la rge  p a r t i c l e  which f i l l e d  most of t he  in t e rva l .  Unusual o r  l a rge  pa r t i c l e s  

transcending i n t e r v a l  boundaries were individual ly  cont s iner ized a s  sp4cia 1 samples. 

Whereever possible,  l a rge  p a r t i c l e s  were located on a diagram of t h e  i n t e r v a l  i n  

order  t o  record or ien ta t ions .  A11 p a r t i c l e s  not passing through a l m m  s ieve  were 

c l a m i f i e d ,  photographed;.'and containerized f o r  each dissect ion in t e rva l .  Voids 

created by t h e  e x t m c t i o n  of large p a r t i c l e s  extendiriq below standard d issec t ion  depth 

w e r e  maintained i f  possible .  It was necessary t o  remove these p a r t i c l e s  i n  order t o  

obtain a pee l  sample. A t  30 cm, a void created by the  removal of a la rge  p a r t i c l e  

caused a gap i n  t h e  peel record of 5mm. After  peeling, t he  remaining core was impmg- 

nsted with epoxy, t hen  encapsulated i n  a mold of epoxy. This mold provldes a block 

of  epoxy containing sample which is  longi tudinal ly  s p l i t  and t ransverse ly  cut i n t o  
b 

block8 f o r  thin-sect  ioning . 



ANALYSIS OF DATA 

The collected quantitative data consists of the weights of the f ine fraction 

" and coarse fraction of each interval,  plus theeweights of special samples. In 

addition, frequency counts of part icles h the coarse fraction were taken in thma 

sise ranges -- 1-2 mm, 2-4 mm, and greater than 4 mm. Eech size range is also 

dirtded in+ seven compositional types. ~ r e ~ u e n c i e s  are computer-normalized to 

the s tandad interval, width and average weight. Graphs of normalized frequencies 
, . 

oerare depth are plotted in eight groupings: by compositional type f o r  each of 

the tbree size ranges; by compositional type f o r  the combined sizes; by combined 

compositions f o r  each of the three sizes; and by combined conpositions f o r  the 

combined size ranges. When combining sizes, scale factors are wed. In addition 

to the frequency graphs, a weight percent coarseness indicator is plotted. The 

percentages are computed by dividing the weight of material greater than 1 nim in 

s h e  by the weight of a l l  the rmterial per unit.  

&a is introduced by the sampling s ize-of  the d r i l l  stem, in tha t  the preuence u 
of a particle' approaching tube diameter in s ize  eliminates the poss ibi l i ty  of 

oooarence of other part icles.  Other s t a t i s t i c a l  er ror  is  brought about by the 

discrete size categorization, rather than & continuous size measurement of each 

part icle.  This e m r  is demonstrated by comparing the weight percent coarseness 

graph with the combined composition/ combined s izes  graph. The lack of congruence 

that can be seen is par t ia l ly  due to this npidgeonholen effect  and par t ia l ly  due 

b generalizing assumptions tdt had to  be made in order to combine the discrete 

sine categories. Other biases o r  errors include a 'sampling below standard 

dissection level ,  measurement error, assumptions bf &ifom density, and m i s -  

d a d f i c a t i o n  of lithology. Bearing these limitations i n  mind, interpmtation 

of the constructed graphs was not attempted a t  the order of resoluteion provided. 



COMPOSITIONAL DESCRIPTIONS 

Seven compositional categories were used t o  classify par t ic les  greater t k  

1 mm i n  g m i n  s b e :  anorthosi t ic  breccia (ANBX~ ; agglutinates (A=); devitrFfied 

o r  .prtiallF-crystalliaed glasses (ma) ; rec rgs ta l l i  zed o r  high-grade brsccia 

(m); ves k u h m ,  droplet,  o r  f resh  glasses (vsQ) ; s o i l  o r  low-grade breccia 

(SOHX); and basal t ic  or  crys ta l l ine  rock fragments (BsRF') . O f  these seven, SOBX 

i8 by far the most abundant. 

The catsgory "BSRFU includes any particla.which is apparently no recrystal- 

lised material, but is polycrystalline and contains plagioclase and pyromne. 

In pract ice,  soaae of the smaller par t ic les  classif ied a s  BSRFfs may be mono- 

minerallic; Blso, many par t i c les  are  s o i l  o r  glass coated t o  the point of being 

bamly recognizable. Some s o i l  coated BSRFIs may have been misclaseified a s  

SOBX'a f o r  this mason. Most occur a s  f a i r l y  equant chunks with coarsely- 

textured surfaces. When the rough pockets in the surface are  fFUed with s o u ,  

they are eas i l y  mistaken f o r  the equant, smooth-surfaced SOEXfs. 'Effort was 
w 

taken to  remove a s  much loose s o i l  a s  possible' SOEX1 s without s ignif icantly 

damaging the normally f r i ab le  SOEX'S in the process. Some BSRFIs have shocked 

plagloclase o r  anorthositic material. ANEX1s may be derived d i rec t ly  f r o m  

this murce, in which case they a m  more l ike ly  t o  display some evldence of 

crys ta l  structure. When found a s  c l a s t s  in SOEXfs, they tend t o  be sugary in 

texture. Some par t i c les  c lass i f ied  a s  "&'may e i the r  be s o i l  coated BNBX's 

o r  aeor thosi t ic  c l a s t s  from brqken SOHXfs. SOHX's therefore, exclude white, 

sugary masses of supposed anorthositic material, even though the only d i f f e ~ c  

once may be the color of the s o i l  matrix in which it is formed. "SOHXn refers  

to a par t i c le  of welded, non-white s o i l  matrix. Welding may have been brought. 

about by heat, pressure, small amounts of molten glass, o r  some combination of 

thee. When glass welding creates a more spindly par t ic le ,  it is considered - 

to be an "AGGLn ra ther  than a more massive and rounded SOBX. SOBXfs a re  usually 

ATTACHMENT IV-4 



t r l U e  and occasionally break open to reveal an interior  of cxystdi.ine mash. 

Otbsra simply disinfegrate when broken. Certain SOBXfs are distinguished a s  
" medium grade in tha t  they are tougher and seemingly transit ional  to the categoq 

of m. nRXBXn is an angular, waxy-appearing part icle that  would seem t o  

be the high grade equivalents of SOEX o r  ANBX. nPXGLn is somewhat sidlar in 

appearance to  HXBX, but readily distinguishable by a duller  surface lus te r  and 

glass fracture shape characteristics, a s  it i s . a  devitrified form of VSGL. . 
VSGLn re fe rs  to  fresh, vitreous glass which o'ccurs a s  beads, shards, o r  coatings. 

It is often found a s  coatings on SOBX and causes some dif f icul ty  i n  claaaifica- 

tion, ae SOBX may be glass welded. 



Descriptions of Physical Units 

*c/ D r i l l  stem 70005 contains par ts  of two major uni ts  of t h e  d r i l l  s t r ing .  
The upper unit ,  together w i t h  the lower part  of 70006, comprise t h e  middle major 
unit  o f t h e  d r i l l  s t r ing ,  which i s  characterized by moderate tone and cohesivity 

and a fine-grained texture. Compositionally, it is glass-rich. The basal  sub-unit 

is coarse w i t h  large chunks of vesicular glass. The contact wi th  t h e  lower unit is 

marked by a Ughtening of tone and increases in.cohesivity, coarseness, and BSRF 

content. . 
, 

In d r i l l  stem 70005, nine minor units  are L r k e d  off  -- eight above t h e  major 

unit contact. The minor uni ts  are further  subdivided in to  seventeen sub-units, 
: mostly based on variations seen i n  tone, cohesivity, and coarseness. See t h e  chart 

balm f o r  a.detailed account of these variations. 

70005 Physical Unit Description Index 

P Q 
0 m 

" B t! e % r ( k  0 3 8 : @  k 4 

6 
X 

C al7 d r l E E  Y 0 
i 3 8  

S u 0 sC 3 P v 3  d .o 0 m B U 
C 4 d  al k 0 

8 8  
s k k 4 . P  rl a, k 

g P i U . 0  
k P % a  Q a d d  P f 0 

TI * v 4  F I  
3 !3 

al 7 C 0 0 
b. A F ~ A  H J ~  cn z k 5 gd  .......................................................................................... 

IX 43 132.6 3.1 040-~g 171-178' g4 6 7 - SOHX 
VIIIB 42 135.7 1.5 055-40 165-170 91 5 6 SOHX - 
VIIIA 41/2137.2 1.0 065-55 161-164 91  5 5  4 SOBX - S1 .Mottling 

41 138.2 2.0 085-65 155-160' 95 5 5 - SOHX Mottled 
V I ~ R  4011 140.2 2.0 105-85 147-154 92 6 6 SOBX VSGL 
VIB 39 142.2 1.5 120-05 141-146 97 6 2 - 0 

VIA 39 143.7 1.5 135-20 135-140 97 6 4 - - 
VC: 145.2 1.0 145-35 131-134 90 5$ 5 - BSRE' 
VB 38 146.2 1 .7  162-45 124-130 95 42 6 SOBX - 

- VA 38 147.9 1.3 175-62 118-123 88 5 4 SOBX - 
m . 37 149.2 4.0 215-75 102-117 96 5 5 - VSGL 
111 36 153.2 5.3 268-13 84-101 92 54 2 - SOBX 
IIB 3516 158.5 2.7 -, 305-68 66-83 79 6 1 SOBX PXGL L t  .Streaks 

35 161.2 2.5 .. 330-05 57-65 58 6 3 VSGL SOEX -------- -0- .................... 
Ic 34 =3:7 2.5 355-30 & b ~ $ - - - ~ b - - - f i - - - - b - - - ~ ~ ~ - - - ~ ~ ~ - -  PXGL 
IB 34 166.2 2.5 380-55 36-45 72 7 7 SOBx VSGL BSKF 

25-35 83 79 8 SOBX VsGL BSRF' I A  34 169.7 3.2 412-80 . 

. wo*-*-*- 1'12:9................................*.......*..................**....*....*. ......................................................................................... 
hlat ive  Tonal Value -- 10=White/0=~lac k 
Relative Cohesion Value -- 10=~ight /0=~oose  

' 8 d  
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ICAL DEPPll -NI::;:: 
r w n  (rrt) (CH) 

70005 132.b 3.1 
D[ 

70005 135.7 2.> 
YIII 

B - 
A 

7 m 5  13.2 4.0 
'a I 

B - .  

A 
'70005 142.2 3.0 
VT 

T!flT!RVAL F 1i.t;  I. :.i\C'L'i',,i C ' . t i 
Inc!~tlon Crml~lc? X e l ~ h t  ::rl~plr. Wclr.ht 
tlotation N,mb-r (ny) Iis~nher (re) 

020-0j) 3 2325 4 35 
025-20 177 2134 178 173 
030-25 175 20% rf6 131 
035-30 173 2267 171, 64 
040-35 171 2050 172 364 
045-40 163 2LI.8 170 78 
050-45 167 2100 1C8 268 
055-50 165 1972 ](A 258 
060-55 163 2252 164 12 3 
OG5-60 1 G l  l.851 162 272 

080-65 157 5255 15a 370 

085-80 155 2110 1% 164 90 
19 030-85 153 

095-90 151 152 n 
100-95 149 2120 151) 2% 
105-00 147 1930 146 210 
UO-05 145 2319 146 38 
115-10 143 2212 144 60 
120-15 1111 2235 142 8 1  

::P:.f: I A L  3~WfE3 
I ~ ~ c n t l o n  %nple Wcleht c m : . s ~ i t : - . ~ l  
Iiotation 1;-:mbcr (ny) teccr1yt:cln 

m3-00 2 40 Jolc:/Cqmc:. 
0'4-03 5 30% Cold Storrga 

160 400 Red Liekt 
153 1030 k.a Fre* 

* 

155-50 127 44O Rcd 7-t 

2k5-30 4oO RcdL&ht * 

245-30 1025 bad P n e  

294-85 73 848 PXGL 

305-00 68 400 ReaLiaht  

319-07 63 2485 VSCL 

360-51 4 8  580 SOEX 

-. 

396-86 31 3h6 so= 

400-20 179 637 hmr.el Ylsc. 

acronyma and other descriptions.) 

U5-20 139 2 l l8  140 52 
130-25 137 2277 1% 87 
135-30 . 135 2192 136 66 
140-35 133 2257 134 267 
145-40 131 2182 132 205 - 150-45 129 20kO 130 48 
155-50 126 1705 128 250 

. l.60-55 124 2144 125 79 
165-60 122 1981 123 85 
170-65 120 2189 121 430 
175-70 U 8  2013 119 U S  
180-75 U 6  2210 U 7  & 
185-80 U 4  . 2297 115 86 
19-05 112 2146 113 . 109 
195-90 L10 2173 76 

. 200-95 108 2093 109 n 
205-00 l C 6  2124 107 125 
210-05 104 2212 105 86 
215-10 102 2096 103 n 
no-1s  100 a 3 5  101 230 
ns-x, 9 2188 YI 165 
29-25 96 2175 97 107 

245-30 92 4665 93 b70 

250-45 90 . 2295 91 250 
255-50 88 2188 89 100 
260-55 86 2231 87  152 
265-60 @ b  2163 85 . 128 

305-00 66 1706 67 79 
310-05 64 1650 65 105 
320-10 6 1  2403 62 642 

325-20 59 '  1732 60 6 9  
330-25 57 1851 58 667 

440 

0 266 1229 1465 *I 43 1002 862 

B 

A 

@ 

& 

370-65 40 -7 41  582 
375-70 38 1776 39 583 
380-75 36 1737 37 644 
385-80 34 19% 35 396 
39-85 32 1502 33 m 

2040 30 n% 2169 28 
307 
541 

412-00 25 6236 26 350 
412-20 180 loc6 181 10 

(see text  of t h i s  report for explanation of 



m a y  o ~ a ~ ( n  Interva mm smal, xmerm, ratm mcl rraqmrms. 

. - p r c e n t  a p l ~ u e  ~gheru les less than 0.5 mm i n  diameter. 
Cwv frrctkn: U percent: vmiopque with partially dirtinct outlinlprobably partially concealed by donsityof nutrid, 

WIT 13 Ocpth: TDS. 164 to lbd on: lunar surface, I33 to 137 cm mickntsa 4 cm .' 

0 Rock fragmental unit fractured at tog of core. 
Matrir 70 percent: qpears similar b Ihal of un i t  42. but i s  stronqly p r m e l e d  $cracks and fractures, contains 

' 

ItO percent finely qranular mottles. tracrs of waque spherules, new limit of resolution. 
b u s e  fraction: 30 percent: dumps or rocl. fragments wth distinct outline. 2 to 11 mm in diamrtor. s u b w i d  b 

4 pdrpnrl with ineqular  angularly wavy cdqs mast commonly dalincd by cracks I n  matrix. 

- U M T  dt Depth: TDS. 164 to 166 cm: lunar surface, U7 to 139 cm Thicknesa 2 cm 
Wn kd with mcderatdy opaque matrix and small sorted rock fragments. 

Corv fraction: 20 percent: semiopaque mck fraqments with m o d e r a y  distinct outline, 1 to 4 mm i n  diameter, 
2.5 mm with few fragments k i n g  much smaller or largcr, frqments with one o r  two relatively strught 

marpins.but fading out dong crenulate margins on  other ride of frryntnt. ' "PUT 4l DepIh: TDS. 1. to 110 c m  h n a r  surface, 139 to 143 cm fhicknesr 4cm 
f i n e q n i n c d  interval with scattered fine mottlesand sparse rock frlpments. 
Wir 95 percent of intermediate to Iw opacity, with 5 to 15 percent mottles under 1 mm in diameter and -1  perccnt 

39 sphericid o p 4 w s .  l imi t  of resolution b 0.8 mm. 
bm, fraction: 5 percent: semiopque rock fragments with distinctartl inr, Uocky SIighUy elongate with re la t ln ly  
rbiiqht edges and angular corners. 

UNITY) Depth: TDS. l?0 to 170.5 cm: lunar surtace. 143 to 143.5 un Thicknes: 0.5 cm 

- UNlT 39 Depth: TDS. 170.5 to 174.5cm: lunar surface, 143.5 to lQ.5 cm Thidnesa 4cm 
Fine-grained interval with indistinct granules. 
Matrir QS percent: moderately hiqh tranlgarency, but with 2 percent opaques. ranging from spheroids It l im i t  of 

n w l u t i o n  b shards 1 mm lonq: elongate opaques tend to ha* lonq axes alined horimntally. 
percent: semiopaque density concentrations with indistinct outline. 1 to 3 mm in diameter with 

regular nd e w n  fadmut as i n  un i t  37. 

UNIT 38 Depth: IDS, 174.5 to 178.5 cm: lunar surface. 147.5 to 1513 cm Thickness: 4 cm 

F n m w r k . 3 0  pcrcent: 20 percent is  semiopque rock fraqmentswith distinct outline. 2 to 4 mm in diameter. well 

Coarse fraction: 5 percent; semiopaque with indistinct outline, appearing as equant density concentrations 1 to 3 mm 
in diameter. with regular and even tadmut, sbrting and typeof semitransgarency suggest breccia fragments rather 

UNIT 36 Depth: TDS, 183 to 1QO cm: lunar surface, 1% to 163 cm Thickness: 7 cm 
36 Massiw interval with sparse rpck fragments and abundant opaque fragments. 

M a t r i r  W percent: uni lormly fine grained and noticeably transparent with -1 percent spherical opaques, 0.5 mni to l imi t  
of resolution. 

- Coarse fraction: 10percent (decreasing upward): 5 percent i s  semio~apue rack fragments having distinct outline, moder- 
ately well sorted. 2 to 3 mm i n  diameter, best sorting at top of bed. continuous gradation upward: 4 percent i s  umiooalue 
mottles. 1 to 4 mm i n  diameter with crenulate fadeout: 1 percent is  opaque fragments, averaging 1 mm in diameter, blocky 
equant to comma shaped. 

y UNIT 35 Depth: TDS, 190 to 194.5 cm: lunar surface, 163 to 161.5 cm Thicknesr: 4.5 cm 
Rock fragmental lone with relatively transparent matrix. 
Matrir 60 percent: decidedly less dense i n  appearance than underlying un i t  wilh =1 percent spherical opaguts. 0.5 mm 

i n  diameter to l imit  of resolution: matrix becomes progressively more transparent upward. 
Framework 4Opercent: rock fraqments, simllar i n  appearance to unit  34, r3Opercent i s  semiopaque rock fragments with 

distinct out l~ne:  10 percent is  crenulate mottles with indistinct outline. .. . 

33 UNIT 34 Depth: TDS. 194.5 to 203 cm: lunar surface. 167.5 to 173cm Thickness: 5.5 cm 
Rock fragmental lone with relatively opaque matrix. 

0 
- Matrir: 65 percent: relatively opapue to X-rays, compared to un i t  35. but appears to k uniformly dense throughout with 

d, 32 no distinct mottles or opaque fraqments. - Framework 35 percent; 25 percenl i s  semiopaque rock fraqments wilh distinct outline. 2 l o  11 mm in diamder, poorly 
wrted, equant to slightly elongate, polygonal, relatively stra~ght sided, subangular cornerr: 10 percent i s  SemlWaqUe 

31 with indir t inct outline. appears as ind~st inct moltles, 1 to 4 mm i n  diameter with finely crenulate fadeout. 
;; 

UNIT 33 Depth: TDS. 200 to 202.5 cm; lunar surface. 173 to 175.5 cm Thicknesk 2.5 cm 
Y -.- ATTACIWENT TV-8 

'L' ,t.. Moderately t h ~ n  Bed with abundant rock fragments. NASA-JSC 
Matr i l r  80 percent, ~olermed~ate lranrparency w ~ l h  some granulesas unit  32. 
Coarse I r w t ~ o n :  20 percent: 10 percent is  semio~aque rock fragments wlth di%linctautline. 2 to 5 mm i n  diameter, 

e% MQeratelv well lorled. elonaate-equant ~ l v q o n a l  with stra~qht edqes. subangular cornerr: 10 percent i s  v m i o p q u e  


